This paper explores the factors that determine firm's R&D cooperation with different partners, paying special attention on the role of tertiary education (degree and PhDs level) 
Introduction
In recent years the determinants and effects of R&D cooperation have become an important research topic, and the empirical literature has increasingly focused on R&D cooperation between innovative firms and universities (Hervas-Oliver et al, 2011; Barge-Gil, 2010; Segarra & Arauzo, 2008; Belderbos et al, 2004; Becker & Dietz, 2004 , Laursen & Salter, 2004 . The previous literature shows that firms tend to cooperate on R&D activities with universities and scientific bodies when they know their needs in a particular field of knowledge and have researchers with the appropriate skill endowment. But if innovative firms do not have staff qualified to absorb and adapt external knowledge, the likelihood that individual firms will cooperate with scientific partners decreases greatly. In this context the presence of research staff with a degree or a PhD in the firm plays a determining role in reducing the factors that hinder cooperation between innovative firms and scientific partners. This paper explores the role of graduate and PhD employees' research as a source of absorptive capacity for firms as regards R&D cooperation with external partners, especially technology centres and universities. The role of higher manpower skills has been looked into by many researchers in the literature and in general the results are conclusive: the better a firm's skill and qualification endowments, the higher the level of R&D investment (Piva & Vivarelli, 2009) and the higher the level of productivity (Freeman, 1987) . This process is not unidirectional in the sense that qualified workers facilitate R&D activities and increase productivity, but recursive, in that the intensity of R&D at firm and country level offers more incentives to PhD holders and graduates to migrate from less industrialized to more industrialized countries Hall et al, 2010) . In addition, the presence of qualified personnel in organizations encourages positive spillovers with the rest of the staff, although at the same time it may accelerate the obsolescence of knowledge among non-qualified and ageing workers.
Our starting hypothesis emphasizes the central role of tertiary education -degrees and PhDs employees-in enhancing a firm's ability to recognize and provide new knowledge generated outside innovative firms. In particular we are interested in the role played by two stages of tertiary education: the first concerns the programs that prepare students for the labour market, and the second stage refers to tertiary studies that lead to an advanced research qualification or a PhD.
Analysing the impact of tertiary education on firm cooperation performance, especially with universities and other public centres, has become extremely important in countries like Spain. Indeed, Spain now faces the difficult task of finding a new path to growth under the ambitious framework of the Sustainable Economy Law. Under this law, university reform and the presence of PhD staff in firms are two basic areas in the new economic model. In this context the complementarity between a high educational level and R&D cooperation with technological and scientific partners is related to the firm's absorptive capacity to adapt external knowledge.
Despite the increasing share of services in European economies, few studies have analyzed firms' cooperation in R&D with the manufacturing and services industries. This point is relevant because the sources of innovation and R&D cooperation strategies are very different between manufacturing and service firms. In the empirical analysis our data is taken from the Spanish Technological Innovation Panel for the period [2004] [2005] [2006] [2007] [2008] [2009] . Our panel data present a sample of 4,998 innovative Spanish firms and the econometric work offer better empirical results than with cross-sectional data. This paper analyses both manufacturing and service industries, but this approach is extremely rare in the literature on R&D cooperation (exceptions are Belberbos et al., 2004 , for the Netherlands and Segarra & Arauzo, 2008, for Spain).
Here we use an extensive sample of innovative firms to identify the determining factors for R&D cooperation agreements with three types of partner: private partners (firms belonging to the same group, customers, suppliers and competitors), technology centres, and universities (public research institutes and university research groups)
1 . This empirical analysis focus on the determining factors for R&D cooperation between innovative firms and scientific partners (technology centres and universities) 2 . In particular we are interested in measuring the presence of complementary effects between tertiary educated workers and the ability of firms to cooperate with technology centres and universities.
The empirical strategy proposed here consists in estimating an ordered probit models (OPM), because it is better suited than the widely-used regression technique to work with ordinal variables that reflect the intensity of the firms' efforts in innovation. Our results show that a firm's cooperation activities are closely linked to industry characteristics and firm profile. These include aspects such as R&D intensity, size, product and process innovation, and access to public grants for R&D activities. Internal R&D and external R&D acquisition also increase a firm's propensity towards R&D cooperation with universities. The most notable results are related to the existence of a learning process in the field of R&D cooperation between manufacturing firms but not between services, and also to the critical role played by PhD research in facilitating communication and cooperation between firms and universities. This paper is organised as follows. In the second section we review preliminary contributions on the factors that determine innovative firms' capacity to cooperate in R&D projects. In the third section we present the firm dataset used here and we run a complementary test between external R&D and skilled research personnel. In the fourth section we present the model and the variables. In the fifth section we discuss our results and in the sixth section we summarise our main conclusions. 1 The R&D partners selected differs in the empirical literature, for example, Belderbos et al (2004) explore the determinants of innovating firms' decisions to engage in R&D cooperation between four types of partners: competitors, suppliers, customers, and universities and research institutes (institutional cooperation). 2 This approach was rare in this literature until a few years ago: see, for example, Belderbos et al. (2004) , Veugelers & Cassiman (2005) , Kaiser (2002) , Becker & Dietz (2004) , Bönte & Keilbach (2005) , Schmidt (2005) and López (2008) .
2.-Why do firms cooperate on R&D projects with other partners?
The economic literature offers a vast number of arguments about the incentives for innovative firms to cooperate on R&D with other partners. Most empirical studies deal with formal R&D cooperation (Cassiman & Veugelers, 2002; Miotti & Sachwald, 2003; Lopez, 2006; Segarra & Arauzo, 2008) , but informal R&D cooperation also plays an important role (Bönte & Keilbach, 2005) . This paper provides empirical evidence regarding the determinants of formal R&D cooperation for a wide sample of Spanish firms in the manufacturing and service sectors, with special attention paid to the role of research staff qualifications in innovative firms. The case of Spain is interesting because it has fewer R&D activities than other European countries, innovative firms have a traditionally low absorptive capacity, and the traditional barriers to R&D cooperation activities between firms and scientific bodies are high.
In recent years many papers have been published on the determining factors of R&D cooperation (Miotti & Sachwald, 2003) . In order to simplify the situation, we have grouped these factors into two main groups: elements related to protection and absorptive capacity, and elements related to the complementary needs of external knowledge.
The first group of factors concerns a firm's ability to protect and capture internal and external knowledge. Cohen & Levinthal (1989 introduced the term "absorptive capacity", and in a later study noted the dual role of R&D as a source of new information and as a tool that makes it easier for a firm to absorb existing information. They argue that absorptive capacity increases a firm's ability to identify, assimilate and exploit knowledge from the environment. A firm with a high absorptive capacity should thus be able to access a larger amount of knowledge than a firm with a lower capacity.
To protect the results of their R&D activities, firms can invest in appropriation tools, and to absorb external knowledge they can develop specific skills. Innovative firms with high absorptive capacities are more likely to cooperate in R&D with scientific bodies. Using this argument, Cassiman & Veugelers (2002) distinguished between incoming spillovers, which affect a firm's innovation rate, and appropriability, which affects a firm's ability to appropriate the returns from innovation. And Lopez (2008) finds empirical evidence in Spanish manufacturing firms that incoming spillovers and appropriability affect the probability of R&D cooperation.
The second group of factors is related to the firm's lack of specific knowledge and its need for R&D cooperation with outside partners. Hagedoorn (1993) finds that technological complementarities are one of the most important reasons for firms to cooperate on R&D. When an innovative firm requires external knowledge and skills to complement its internal knowledge, and when its needs cannot be satisfied via the market, its incentive to cooperate increases. When innovative firms cooperate on R&D projects, especially with public bodies, they benefit from the complementary knowledge generated by other agents and share the risks on projects and access to public grants.
The empirical literature shows that the incentives and returns involved for firms in cooperative R&D projects with scientific bodies differ across firms and universities. A recent trend in firm performance in innovation is to increase R&D cooperation with customers and suppliers, competitors, universities and public research organizations (Segarra & Arauzo, 2008; Veugelers, 1997; Fritsch & Lukas, 2001; Arora et al., 2001; Tether, 2002) .
Empirical studies by Cassiman & Veugelers (2002) , Belderbos et al. (2004) , Bönte & Keilbach (2004) and Dachs et al. (2004) investigated R&D cooperation and found that the meaning of theoretically important factors like incoming spillovers and appropriability depends on the type of cooperation partner. Higher incoming spillovers, for instance, positively affect the probability of cooperating with public research institutions, while better appropriability results in a higher propensity to cooperate with customers and/or suppliers (see Cassiman & Veugelers 2002) . R&D contracts (buy) and in-house activities (make) have also been the subject of several empirical investigations. Beneito (2001) , Veugelers & Cassiman (1999) and Veugelers (1997) have detected several determinants that are responsible for a firm's decision to 'make' and/or 'buy' innovations. Beneito (2003) found that an intensive competitive environment, a firm's sound financial basis, large markets and medium firm size are decisive characteristics for organizing R&D in-house. Piga & Vivarelli (2004) , meanwhile, found that the decision to acquire external R&D is related to the prior decision to engage in some form of R&D, and that external R&D generates significantly higher returns than internal R&D. For German CIS manufacturing firms, Schmidt (2005) found that firms with high intramural R&D budgets are more likely to cooperate with universities and research institutions than with suppliers and customers. This paper shows that firms with high intramural R&D budgets are more likely to cooperate with universities and research institutions than with suppliers and customers. Our evidence is in line with Schmidt (2005) , who found a direct link between the amount of internal R&D and the propensity of German firms to cooperate with universities. Similar results are given by Hall et al. (2003) , who reported that firms are likely to collaborate with universities on basic research projects and when it is difficult for them to appropriate benefits from joint research.
The relationship between firms and universities
Since the 1960s, a third mission related to economic growth and territorial development has been added to the two traditional missions of modern universities, teaching and research 3 . The concept of the 'triple-helix' has been the most widely accepted conceptual framework for public policy makers (Etzkowitz et al, 2000) in the second academic revolution. However, the ambiguous nature of the concept of the 'triple-helix' has usually been interpreted by universities themselves as a new challenge that will open up new contacts with the outside world without first internally transforming its three missions: teaching, research, and knowledge transfer.
The new challenge for universities has a high profile in countries such as Spain, located at some distance from the technological frontier. Spanish universities are modifying the traditional roles of a Humboldt-style university (i.e. higher education and research) in order to generate and disseminate knowledge directly connected with economic development. This connection is partly due to university-industry links such as technology transfer centres, research institutes, science parks and spin-off incubators. Spain is also interesting because university policy is dependent on regional government, and public support for promoting firm innovation and cooperation projects between universities and public research centres, especially SMEs, has increased considerably in recent years.
Moreover, the commercialization of university knowledge (especially knowledge from university-based technologies) has increased considerably due to patenting, joint ventures in research and firm creation (spin-offs from universities). Several factors explain this phenomenon. First, the creation of structures that promotes relations between universities and business, such as science parks and other property-based institutions . Second, the development of intellectual property laws that encourage researchers to patent their discoveries, and this helps to commercialize the results of university research. Third, Spanish public subsidy programmes that promote R&D cooperation between SMEs and universities have increased in the last few years. Finally, closer R&D cooperation between firms and universities together with public funding for the creation of joint ventures have directed university research activities towards the demands of business.
The role of universities is particularly relevant in a regional context where this industrial mix is specialized in industries with low and middle technological intensity. In the Spanish innovation system overall investment in R&D is below the EU average, more money goes into R&D in the public sector than in the private sector, and the presence of innovative firms is smaller. In 2009 Spanish investment in R&D was 1,38% of GDP (GERD) front 2,01% in the EU-27; public R&D expenditure was 0,66% of GDP front 0,74% in the EU; business R&D expenditure was 0,72% of GDP versus 1,25% in the EU; and the contribution of high-tech and medium-high-tech manufactured goods to the trade balance was 0,3% of total trade front 5,1% in the EU. During the period 2000-2009 Spain's R&D intensity has grown from 0.91% of GDP to 1.38 %, which is one of the highest increases of all EU members. Spain record during this period an intense process of convergence towards EU member located on the technological frontier.
3.-Data and descriptive analysis
In the empirical analysis the data source is the Spanish Technological Innovation Panel (henceforth PITEC). This dataset is jointly developed by the Spanish National Statistics Institute (INE) and the COTEC foundation with the aim of providing data from the Community Innovation Survey (CIS) for Spain in a panel structure. After an intensive consolidation process -firms with more than three employees, firms with more than three annual observations, etc -the panel data present 4,998 innovative Spanish firms -4,004 manufacturing firms and 994 services firms-and 21,467 annual observations. The main advantage of the PITEC is that it is the best instrument for observing the innovation activities of Spanish firms over time (Barge-Gil, 2010) . We use PITEC panel data from some waves that cover the period 2004-2009, and we can therefore track the performance of innovative Spanish firms over five years.
The descriptive analysis of innovative firms offers an interesting scenario which becomes even more attractive when the main subjects of manufacturing and service firms are viewed separately. If we consider that our purpose is to analyse the determinants of cooperation agreements, then descriptive tables will distinguish between firms that do not cooperate and firms that cooperate with universities, technology centres and private partners.
A growing number of empirical studies have estimated complementarity versus substitutibility among innovation-sourcing strategies. Arora & Gambardella (1990) analyse the external linkage of large firms in the bio-technology industry using data for a sample of large EU, US and Japanese manufacturing firms. Their results suggest that external and internal activities are complementary in large firms, but this is not clear in small and medium firms.
The relation between internal R&D and external R&D is clear in that the empirical literature shows, in general, a positive effect on the returns of each activity if the other one is performed at the same time. The complementarities between internal R&D and As far as the relationship between R&D activities and R&D cooperation is concerned, the empirical results in the research are less conclusive at this stage. On the influence of internal R&D on R&D cooperation, for instance, Abramovsky et al. (2005) find a positive impact of internal R&D on the probability of R&D cooperation for four European countries, confirming previous empirical results; Arora & Gambardella (1994) analyse pharmaceutical firms in the US and find a positive correlation between both; and Colombo & Garrone (1996) observe the cooperation agreements of hightech startups in Italy and find a significant correlation between internal R&D and R&D cooperation. Schmiedeberg (2008) looks at German manufacturing firms and finds that internal R&D and R&D cooperation are positively correlated and that the productivity of each activity increases if the other one is performed. Similar findings can be found in Cassiman & Veugelers (2002) for Belgium, Bönte & Keilbach (2004) and Schmidt (2005) for Germany, and López (2008) for Spanish manufacturing.
Another aspect of innovation activities is that they are heterogeneous, asymmetric and complementary (Benedetti, 2009) . Firstly, innovation activities are heterogeneous in the sense that some firms do not innovate, some concentrate on specific types of innovation -product, process, organizational or marketing innovation -and others develop various types of innovation. Secondly, innovation strategies are asymmetricthe distribution of innovation and its impact on a firm's productivity and growth is asymmetric, with its distribution being more skewed towards the right. Thirdly, innovations are complementary and it frequently happens that innovation increases when a firm has already introduced other innovations. Using an adoption approach, Cassiman & Veugelers (2006) found that different innovation activities are strongly positively correlated and they identified basic R&D as a source of complementarity between internal and external innovation activities.
The empirical analysis of the complementarities between R&D sources at firm level has received increasing attention from researchers in recent years. In general the evidence shows a strong complementarity between the three dimensions of R&D at firm levelmaking, buying and cooperating.
In order to determine this, we analyse the complementarities between external R&D and PhDs researchers using the theory of supermodularity, which is a useful instrument (Milgrom & Roberts, 1990) . We assume that a firm can make two binary decisions related to R&D external activities (A 1 ) and PhD workers (A 2 ), and that each activity can either be done by the firm (A i = 1) or not (A i = 0) and Є {1, 2}. The function Π(A 1 , A 2 ) is supermodular and A 1 and A 2 are complementary if,
i.e. adding an activity while already performing the other activity has a higher incremental effect on performance (Π) than when doing the activity in isolation (Cassiman & Veugelers, 2004) . Here the complementary test measures whether, when an individual firm decides both to carry out R&D external activities (A 1 ) and employ PhD workers (A 2 ), its propensity to cooperate with universities increases more than when doing the activity in isolation.
Our data from the Spanish version of PITEC show that increasing numbers of managers in innovative Spanish firms regard choices on external R&D strategies and skilled research personnel as complementary activities. In this setting, complementarities imply that firms which carry out external R&D activities will obtain a greater return on R&D cooperation when those firms have skilled workers in R&D. 
the equation test is: R&D external -PhD research + R&D external & -PhD research
The table above presents the complementarity test classified by sector into four groups. The results show that carrying out R&D outsourcing and employing PhD research staff has a positive impact on firms' propensity to cooperate with universities, especially in knowledge-intensive services (KIS) and high-tech manufacturing industries.
4.-Econometric tools and R&D cooperative determinants
Here the main goal is to analyse how a vector of internal R&D and external R&D determinants of Spanish innovative firms affect their ability to cooperate and the nature of their partners, distinguishing between private partners, technology centres and universities. In our firm data panel, as is usual in studies of this kind, the dependent variable presents problems of censorship: in this case, the data following the distribution of the sample are a mixture of continuous and discrete distributions. The appropriate methodology in similar multiple-choice studies is the so-called ordered probit model. This was developed by Aitchison & Silvery (1957) and Ashford (1959) , and was recently updated by Maddala (1983) and McCullagh (1980) . We applied a model based on the following specification,
where Y i is the firm's degree of R&D cooperation, X i are the explanatory variables and β are the parameter values of these variables.
In our ordered probit model there is a continuous and unmeasured latent variable Y*, whose values determine what the observed ordinal variable Y. The continuous latent variable Y* has various threshold points. The value of the observed variable Y depends on whether or not a particular threshold has been crossed. For example, if we are interested in studying the determinants of R&D cooperation with three types of partners, we apply the following stratification,
When Spanish innovative firms do not cooperate with external partners, Y i is nil if they don't cooperate with anyone; when they cooperate with other firms Y i = 1; when they cooperate with technology centres Y i = 2; and when they cooperate with public research centres and universities Y i = 3. The categorical variable takes on increasing values depending on the scientific level of the external partners. In the empirical analysis we first use a 2-step tobit model to estimate two equations that relate the decision to cooperate and partner choice with the other variables of interest. We model firms' R&D cooperation decisions as a two-stage process. In first stage, firms decide either to be R&D cooperative or not, and then in the second stage we observe the technology level of the partners. Here we applied the Raymond et al (2010) econometric proposition that studies the persistence of innovation and the dynamics of innovation output in the Dutch manufacturing sector using company data from three waves of CIS.
We present new econometric evidence related to the R&D cooperative decision and choice of partners. In the first stage we observe the factors that affect the likelihood that a Spanish firm will cooperate in R&D activities with other partners, while in the second stage we can observe specifically the role of human and skill endowments in promoting R&D cooperation with scientific partners.
In this two step estimation we can see that internal R&D intensity (R&D investment per employee), the carrying-out of internal and external R&D and whether the firm belongs to a group have a direct effect on the propensity of innovative firms to cooperate on R&D activities with partners. Furthermore, in the field of public policy, support for innovative firms from regional grants increases the propensity of Spanish manufacturing firms to cooperate, whereas regional and European grants increase this propensity in Spanish firms in the service sector.
When it comes to choosing between different partners, Spanish firms in high technology sectors (manufacturing and services) tend to cooperate more in R&D external activities, and in particular with scientific partners (Segarra & Arauzo, 2008 , Vega-Jurado & Manjarrés, 2010 . The technology level of the sector to which the firm belongs is particularly relevant in the services, since Spanish firms in knowledgeintensive services tend to cooperate more with universities. In addition, R&D intensity does not seem to be a relevant factor when innovative firms choose a partner, but the proportion of researchers on the firm's staff and the proportion of PhD workers on the R&D staff play a critical role in R&D cooperation with scientific partners and especially with universities.
5.-Main Hypotheses and Empirical Results
In this section, we profile innovative firms that cooperate with other firms, technological centres and universities. We start with the results of the probit model on the propensity to cooperate with other partners, where in order to control the possible endogeneity problems we apply lagged explanatory variables during the econometrics estimations. In line with the previous literature, we propose eight main hypotheses. -0.0940 (0.0859) 1.3700 (0.4300)* Note: The variables for regional public funds, Spanish public funds and European public funds are in thousands euros. * significant at 1%, ** significant at 5%, *** significant at 10% Table 6 Main Hypotheses H1
The propensity to engage in R&D cooperation is higher for firms that operate in sectors with high R&D intensity H2 R&D cooperation increases with firm's size H3 R&D cooperation exhibits a dynamic learning process and is related to firm's age H4
Intramural R&D activities increase the propensity to engage in R&D cooperation agreements H5
The presence of staff educated to PhD and graduate level in innovative firms promotes the firm's absorptive capacity and facilitates R&D cooperation with universities and public research centres H6
Firms that perform both product and process innovation have a high propensity to engage in R&D cooperation agreements H7
Public funding programmes affect the propensity to engage in R&D cooperation agreements H8 Firms located in technology or science parks show more capacity for cooperation with scientific partners (technology centres and universities)
Our results show that most of our main hypotheses have been confirmed.
H1. The propensity to engage in R&D cooperation is higher for firms that operate in sectors with high R&D intensity, especially KIS services.
This hypothesis is only partially satisfied since the two groups included in the dichotomous variable belonging to a high-technology sector have the expected sign but do not reach the statistical level. However, the effect of R&D intensity in the sector is more important between services firms, where 84% of firms in KIS services have R&D agreements with universities, but only 57% of firms in high-tech manufacturing cooperate with universities.
H2. R&D cooperation increases with firm size
This hypothesis is satisfied in all types of cooperation partner, especially when firms cooperate with universities. These results are in line with previous studies, for instance Bayona et al. (2003) , Veugelers and Cassiman (2005) , Colombo and Garrone (1998) and Hagedoorn and Schakenraad (1994) found that size has a positive influence on cooperation. In general, small firms are more likely to restrict their innovation strategy to an exclusive make or buy strategy, while large firms are more likely to combine internal R&D, external knowledge acquisition and cooperative R&D activities. In addition, larger firms tend to cooperate with various R&D partners simultaneously and obtain scale and scope returns, since small firms when applied multiple R&D cooperation strategies incurs in higher costs (Belderbos et al, 2006) H3. R&D cooperation exhibits a dynamic learning process and is related to firm age.
Our results show a positive link with a firm's age in manufacturing sectors, especially when the firm cooperates with universities, but this relationship does not take the expected sign in the service sectors. These results reveal the existence of a dynamic learning process between manufacturing firms which establish a stable relationship with universities, while in services firms this learning process does not appear, and younger firms collaborate more intensively with universities than mature firms. H4. Intramural R&D activities increase the propensity to engage in R&D cooperation agreements.
This hypothesis is satisfied in all types of cooperation agreement, mainly for cooperation with public centres and universities. Intramural R&D and external R&D play an important role in service sectors, especially when R&D cooperation is with universities.
H5. The presence of staff educated to PhD and graduate level in innovative firms promotes the firm's absorptive capacity and facilitates R&D cooperation with universities and public research centres.
As we might expect, Spanish innovative firms with a high percentage of research staff establish more contracts with other partners, this being the result obtained especially in the service sector. However, the presence of PhD-qualified research staff in the firm is also directly related to its propensity to collaborate on R&D projects, especially with universities. H6. Firms that perform both product and process innovation have a high propensity to engage in R&D cooperation agreements.
This hypothesis is satisfied in all types of cooperation agreement, but the effect is greater for cooperation with firms from the same group and with customers and suppliers. If we consider that product and process innovation are the main outputs of the innovation process, the results show that innovative firms have more R&D contracts with different types of external partner.
H7. Public funding programmes affect the propensity to engage in R&D cooperation agreements.
This hypothesis is partially satisfied (especially for Spanish and European public funds), but some additional explanations are needed. In our estimations we are testing the use of public funds from several public administrations. However, the amount of these funds differs considerably: regional programme funds provide little budgetary support while Spanish funds and (mainly) European funds are of great importance. Public funding for innovative manufacturing firms is low, especially among firms that do not cooperate on R&D projects, whereas it reaches higher levels in the service sectors, especially in firms that cooperate as technology centres or universities. According to our results, access to public funds is a determining factor in promoting cooperation with public institutions.
H8. Firms located in technology or science parks show more capacity for cooperation with scientific partners.
In recent years, both regional and State governments have supported the creation of structures that promote relations between the universities and business, such as science parks and other property-based institutions. Technology and science parks are areas that facilitate the interrelations between the academic world and business. In Spain's technology and science parks promote cooperation between innovative firms and scientific partners, particularly in the service sector.
Concluding remarks
The main goal of this paper is to analyse the factors determining the ability of firms to cooperate on innovative R&D activities in Spain. The external partners have been distributed in three groups: private partners (firms belonging to the same group, customers and suppliers), technology centres and universities. This reflects the nature of the R&D projects as well as the barriers to cooperation between firms and universities. Our main interest is to analyse the role of skilled and qualified researchers as a factor affecting a firm's capacity to cooperate with external partners and the propensity to cooperate with research groups and public institutions that has emerged among Spanish universities.
In this regard, the case of Spain is of great interest because the proportion of innovative firms that have stable R&D agreements with external partners is lower that among other EU members. However, the last two decades have seen a change in Spanish universities and the growth in relationships between universities and firms has been remarkable. To carry out the empirical study of the two main contributions from the literature we used firm data from three waves of Community Innovation Surveys, covering the period [2004] [2005] [2006] [2007] [2008] [2009] . This panel data offers information on 4,998 manufacturing and services Spanish firms. This dataset facilitates more consistent results regarding the role of skilled workers in the R&D cooperation decisions of Spanish innovative firms.
The main result of this paper shows the role played by graduate and PhD-qualified research staff in Spanish innovative firms in facilitating stable R&D cooperation with scientific partners. These results have relevant implications for policy makers and the universities themselves in so far as training good professionals is the best tool for promoting collaboration with innovative firms, and also for reducing the traditional distance that has separated firms and universities in the past.
